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Abstract:We have studied the AC susceptibility and dy-
namic transition in Ising ferromagnct in a periodic field by
solving mcan ficld dynamical equation. The imaginary (real)
part of AC susccptibility shows a sharp peak (dip) at the
tcmperaturc at which the dynamic transition occurs. We
have also studied the behaviour of Ising system under a
pulse magnctic ficld. ' The width ratio and pulse suscepti-
bility shows pcak ncar the Ferro-Para transition point.
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I. Introduction:

We have studied, by solving numerically the mean field (MF) equa-
tion of motion, the naturc of responsec magnetisation m(t) of an Ising
system in presence of a periodically varying cxternal field (h(t) =
hocos(wt)). From these studics, we determine the m —h loop or hystere-
sis loop arca A(= § mdh) and the dynamic order paramecter Q(= § mdt)
and investigate their variations with the frequency (w) and amplitude
(k) of the applied external magnetic field and the temperature (T') of
the system [1). The dynamic phasc boundary (in the ho — T planc)
1s found to be frequency dependent and the transition (from Q # 0
for low T and hg to Q = 0 for high T and hg) accross the boundary

crosses over to a continuous from a discontinuous one at a tricritical
point (2,1]. These boundaries are determined in various cases. We find

that the response can be generally expressed as m(t) = P(w(t — Tesf))
where P denotes a periodic function (with amplitude mg) having same
f‘,“"luency w of the perturbing field and 7.7 ¢(ho,w, T) denotes the effec-
tive delay. We established that this effective delay 7. s of the response
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is the crucial term and it practically detcrmines all the above observa-
tions for A,Q, ctc. Investigating the nature of the in-phase (x') and
the out-of-phase (x”) susceptibility, dcﬁnqd as x' = (mg /ho)cos(4) and
x"= (mg/ho)sin(d); ¢ = wreyy (and mg is the amplitude of m(t)), we
find that the loop arca A 1s dircctly given by x” and also the temper-
ature variation of x” (x’), at fixed w and hg, gives a promincnt peak
(dip) at the dynamic transition point (3]. o

We have also studied the behaviour of response magnetisation by
the application of a short-duration (compared with the rclaxation time)
pulsed magnctic field. Here, we observed that the width ratio (of the
half width and the width of the responsec magnetisation and of the
pulsed field respectively) and the susceptibility (the ratio of excess mag-
netisation over its equilibrium value and the height of the pulsed field)
both shows sharp peaks at the order-disorder (ferro-para) transition
point.

II. Mean Field Dynamics:

The cquation for the dynamics of the magnetisation (m) of a mag-
net in presence of a sinusoidally time varying magnetic feld (h(t) =
hgcos(wt)), may be written in the mean field approximation as

d h
T-:i? =-m+ tanh[m * oqfos(wt)]. (1)

Here m represcnts the magnetisation hg and w represent the amplitude
and the frequency respectively of the sinusoidally varying magnetic ficld
and T is the temperature of the system (the Boltzmann constant and
the spin-spin interactjon strength arc taken to be unity). We have
solved the cquation by using fourth order Runge-Kutta method (in
single precision; taking the time differential cqual to 107%) to get m(t)
from cquation (2). Plotting m(t) as a function of h(t) we got the m—h
oop.

III. AC Susceptibility:

Let us define, the (lincar) AC susceptibility as

X= (mo/ho)e—w, ¢ S WTerfy
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Fig.1. Temperature variations of x', X", Q, ¢ and my for two differen
ficld amplitudes (ho). (I) ho = 0.4, w = 0.031, (II) ho = 0.5, w = 0.031.
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transition. We have identified here the high temperature smeared peak
in x' with the high temperature decay of .magnetlsa,tx'on a,fnphtude (m9)
and the second (low temperature) promment.peak in x” (and the dip
in x') with the dynamic transition (Q changing from zero to nonzero
value). o o
Our study on the temperature variation of the complex susceptibil-
ity of an Ising model in a periodical.ly varying e)'cte_rnal,ﬁeld shows that
a low temperature prominent peak in x” (and dip in x ) occurs (at T,)
as one crosses the dynamic phase boundary (@ # 0 for T < Ty(hg,w)
and Q = 0 for T > T,). In fact, this observation of shgrp pea_k (dip) in
the AC susceptibility across the dynamic transition line indicates the
dynamic transition to be a truely thermodynamic transition.

VII. Behaviour of the response due to a pulsed fleld:

We have studied the response of a pulsed magnetic field by solving
the dynamical equation of motion for the response magnetisation in the
mean field approximation. Here, the time variation of the-external field

has been taken as
h(t) = h, forty <t <ty + 6t

. (4)
= 0 elsewhere.
In this case, we have first allowed the system to relax from a

nonequilibrium state (m = 1,T # 0) to its equilibrium state at any
nonzero temperature (T'), and then applied the pulse for a short dura-
tion 6t (compared with the relaxation time). As the pulse is applied,
the response magnetisation gets sharply peaked over its equilibrium
value (Fig. 2a). This response is characterized by two quantities: the
height m, and its half-width At of the pulsed response magnetisation
m(t) (over its equilibrium value). We thus measure two important
quantitites: (i) width ratio R = At/6t and the pulse susceptibility
Xp = mp/h,. We have plotted the temperature variation of R and Xp
in Fig.2b. In this case, the corresponding sharp peaks have been ob-
served at T' = 1.001 (for hg = 0.01, 6t = 50 times the time differential
for solving the MF equation ; T(MF) = 1). In all these cases, the
effective T, obtained from the peak position is sli htly over-estimated,
and this over-estimation disappears in the limit o — 0 and 6t — 0.
It may also be mentioned that Xp — X, the static susceptibility, in the

limit hy — 0, 6t — oo.
IV. Concluding Remarks:

~ In this paper, we mainly studied the dynamic phase transition in
Ising ferromagnet. The AC susceptibility components shows peak (dip)
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Fig.2a.Time variation of the resonse magnetisation m(t) and the pulse

field h(t).
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Fig.2b. Temperature (T') variation of width ratio R and x. The
orizontal arrow indicates the previous results for the critical temper-

ature (Tc)-
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at the dynamic transition point. This indicates that the dynamic tran.
sition is a true thermodynamic phase transition. Another.important
study that we have done here is the study of response of Ising system
due to a pulsed magnetic field of very short duration. Tbe width ratio
and the pulse susceptibility show peak near the order-disorder trans;.
tion point.

One can consider, for example, the study of acoustic pulse re.
sponse (susceptibility and width ratio) in the system with propagating
or spreading rupture/fracture. An increasing tendency of the width
ratio here can indeed give the prior indication of the catastrophy.
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